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JAntrag auf Erteilung eines europaischen Patents / Request for grant / 1/ 
of a European pqtefrt / Requite err defiVrance d'un brevet europeen 
• 4 m ■ • • ■ • • > • 
BBSiatigung einer beraits du«h T^kopie (Trffefa^ AfftSreichtJn AnSi^dungy' Confirmatien own application already Q Ja / Yes / Oui 
filed by facsimile / Conlirmaifbn d SnB deiji^Ttf^deja ®posee oat tfiecoptaj • • a 



Wenn p, Daium der Ubermittiung der TelBkopie und Name der Emreichungsbehorde / H yes, facsimile data and namB 
of the authority with which the documents were filed / Si out. date d'envoi de la talecopie et nam de I'autorrte de depot 



Datum / Date 



Behorde / Authority / Autorite 



Nur fur&mttichen Gebrauch/For official use only /Cadre r£serv6 a 1 'administration 


Anmeldenummer / Application No / N° de la demande 


MKEY 


1 




Tag des Eingangs {Rege! 24(2)) / Date of receipt 
(Rule 24(2)} / Date de reception (regie 24(2]) 


DREC 


2 


z v U 1 1 > 


Tag des Eingangs beim EPA (Regel 24(4)) / Date of receipt 
at EPO (Rule 24(4|) / Date de reception a I'OEB (regie 24(4)) 


RENA 


3 




Anmeldetag / Date of filing / Date de depdt 


4 




Tabulatoren-Positionen /Tabulation marks /Arrets da tabulation | j | 



Es wird die Erteilung eines europaischen Patents 
und gemaB Artikel 94 die Prufung der Anmeldung 
baantragt J Grant of a European patent, and 
examination of the application under Article 94, 
are hereby requested / II est demande la delivrance 
(fun brevet europeen et, conform ernertt a Particle 94, 
I'examen de la demande 



| EXAM 4 | ' 



Zeichen des Anmelders oder Vertreters 
(max 1 5 Posrtionen) / Applicant's or representative's 
reference (maximum 1 5 spaces) / Reference du demandeur 
ou du mandataire (max 1 5 caracteres ou espaces) 



AREF 



ANMELDER / APPLICANT / DEMANDEUR 
Name / Nom 

Anschrift / Address / Adresse 





APPR 01 # 


\2n\J\S\^\hlo 


| # DEST # 





Zustellanschrrft / Address for correspondence / 
Adresse pour la correspond a rice 



PADR 



Staat des Wohnsitzes oder Sitzes / State of residence or of principal 
place of business / Etat du domicile ou du siege 

Staatsangehorigkeit / Nationality / Nationality 
Telefon / Telephone / Teleohone 



Telex / Telex 



Telefax /Fax /Telefax 



Weitere(r) Anmelder auf Zusatzblatt f Additional applicants} on 
additional sheet / Autre(s) demandeurjs) sur feuille additionnelle 



VERTRETER / REPRESENTATIVE / MANDATAIRE: 
Name / Nom 

(Nur einen Vertreter angeben, der in das europaische Paten tregister etngetragen und an 
dan zugastallt wird / Name onty one representative, who is to be listed in the Register of 
European Patents and to whom notrficaton is to be made / N'mdiquer qu'ur* seul manda- 
taire, qui sera mscnt au Registre europeen des brevets et a u que I signification sera faite) 



FREP01 



# T# 



Geschaftsanscrirlft / Address of place of business / 
Adresse professionnetle 



Telefon / Telephone / Telephone 



Telex n$\ex 



Telefax /Fax /Telefax 



Weftere(r) Vertreter auf Zusatzblatt / Additional representative(s) on 
additional sheet / Autre(s) mandatairefsj sur feuille additionnelie 
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16 



17 



18 



El 



Prufungsantrag in emer zugelassenen Nichtamtssprache 
(stene Merkblatt II, 5) ./Request for examination m an 
admissible non-EPO language (see Notes 11,5} / Requi ite en 
examen dans une langue non offiaelte autons6e (voir notice 11,5) 



PA1195/EP2 



The Wellcome Foundation: .Limited 

Glaxo Wellcome House 

Berkeley Avenue 

Greenf ord 

Middlesex 

UB6 ONN 

United Kingdom 

Glaxo Wellcome House 
Berkeley Avenue 
Greenf ord 
Middlesex 
UB6 ONN 

United Kingdom 



GB 



GB 



n i 7 1 /. q 



3 4060 



25456 



0181 966 8838 



Michael J STOTT 



Glaxo Wellcome 


pic 


Glaxo Wellcome 


House 


Berkeley Avenue 


Greenford 




Middlesex 




UB6 ONN 




Tin i ted Kingdom 




0171 493 4060 


25456 


0181 966 8838 



3- 



[tran| j I fill fElM PA1195/EP2 



Raumfur Zetchan des Anmelders / Space for appi rail's 
reference / Espace rSservd t la raferenca du damandeur 



Vollmacht / Authorisation / Pouvoir: • 
ist beigefiigt / is enclosed / ci-joint 



1st registriert unter Nummer / has been registered 
under No. / a ete enregistr6 sous le n° 



ERFINDER / INVENTOR / INVENTEUR: 



GENA 



INVT20# # 



Anmelder ist (sind) allainige(r) Erfinder / The applicants) is (are) 
the sole inventors) / Le{6) demandeur(s) est Isont) le ties) seul(s) 
Inventeurfsl 

Erfindernenming auf gesondertem Schriftstuck / Designation of 
inventor attached / Voir la designation da Hnventeur ci~jointe 



BEZEICHNUNG DER ERRNDUNG / TITLE OF INVENTION / 
T7TRE DE L1NVENTION: 



TIDE 



TIEN 



TIFR 



PRIORITATSERKLARUNG / DECLARATION OF PRIORITY / 
DECLARATION DE PRIORITE 



[ 



PRIO 



01 # #, # 

01/GB/17. 10.90(17. 10. 91)/ GB 



20 



22 



25 



Nummer 
Number 
Numero 



Antibody for use in therapy 



Staat/ State / Etat 



Anmeldetag/ Filing I Aktenzeichen /Application 
date / Date de depot | No / N° de la demands 



17 1 nri 



9022543(17.10. 9D/ENC17. 10. 9D/00. 00. 00 



03 # # 



04 # . # 



Weitere Pnorrtatserklarung{en) auf Zusatzblatt/ 
Additional declarations) of priority on additional sheet / 
Autre(s) declaration (s) de pnorite sur feuille additionnelle 



ESCLCSISCHES MATERIAL 

Die Ernndung betnfft toologisches 
Matenal oder seine Verwendung, das 
nach Regal 28 hmtertegt worden ist 



DIG LOGICAL nrlATErriAj. 

ThB invention relates to and/or 
uses biological matenal deposited 
under Rule 28 



I BI0M1 « I I I I I I # 



Die Angaben nach Reget 28(11 c) sind in den technischen AnmeJdungs- 
unterlagen entharten auf /The particulars referred to in Rule 28(1) {c) are 
given in the technical documents in the application on / Les indications 
viseas a la regie 2811) c> figurent dans les pieces techniques de la 
demands a la Mux 



werdan spater mrtgeteilt / will be submitted later / 
seront com muni quees utterieurement 

Die Empfangsbescheinigung(en) der Hinterlegungsstelle ist (sind) 
beigefiigt / The receipts) of deposit issued by the depositary Institution 
is (are} enclosed / Le(s) recepisseisl de dep6t delivre(s} par 1'autorite 
de depdt est (sontl ci-joirrt{s) 

wlrd (werden) nachgereicht / will be filed later / 
sera (seront) produtt(s) ulterieurement 



Verzicht auf die Verpflichtung des Antragstellers nach Regal 28(3) 
auf gesondertem Schriftstuck / Waiver of the right to an undertaking 
from the requester pursuant to Rule 28(3) attached / Renondation, 
sur document distinct, a ('engagement du requerant au titre de la 
regie 28(3) 



26 



u 



27 



27a 



28 



28a 



29 



IVIM I icnc DIULUUIUUC 

L' invention concerns et/ou utilise 
la matters biologique, deposes 
conformement a la regie 28 



SetteN/pagels) 



Z«le(nJ/line(s)/ligne(sJ 
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Raum fur Zarctwn des AnmekJwJ / Specs for applicant s 
reference / Espaca raaerva 6 t» referenca <tu rjemanrjeur 



Falls das biologische Material nicht vomjAnn) elder, foWrftJfcn Vifem „ , 
Dritten hinterlegt wurde: / Where the biological mete* ial has> been • - 
deposited by a person other than the applicant: / Lnrsque la matiere 
biologique a ate depose* par une personne autre que le demandeur: 

Ermachtigung nach Regel 28 did) / Authorisation under Rule 2811 Hd) / 
Autorisation en vertu de la regie 28(1 )d) 

1st beigefugt / is enclosed / cijointe 

wtrd nachgereicht / will be filed later / sera produite uKerieurement 



NUCLEOTID-UND AMIMOSAURESEQUENZEN / NUCLEOTIDE I 
AND AMINO ACID SEQUENCES / SEQUENCES DE I SEQL (1) 
NUCLEOTIDES ET D'ACIDES AMINES 1 

Die Beschreibung enthalt ein Sequenzprotokoll nach Regel 27a<1) / The 
description contains a sequence listing in accordance with Rule 27a(1) / 
La description contierrt une liste de sequences selon la regie 27bls(1) 

Der vorgeschriebene maschinenlesbare Datentrager ist beigefugt / 
The prescribed machine readable data carrier is enclosed / Le support 
de donnees present dechiffrable par machine est annexe 

Es wird hiermit erklart, da£ die auf dem Datentrager gespeicherte Informa- 
tion mit dem schrrft lichen Sequenzprotokoll ubereinstimmt (Regel 27a(2)} / 
It is hereby stated that the information recorded on the data carrier is 
identical to the written sequence listing <Rule 27a[2J) /II est declare par la 
presente que rinformation figurant sur le support de donnees est identique 
a celle que contient la liste de sequences ecrite (regie 27bis |2|) 



Verschiedene Anmelder fur verschiedene Vertragsstaaten / 
Different applicants for different Contracting States / 
Drffe rents demandeurs pour differents Etats contractants 



APPR 02 # , 



i * i 



U 1 U 



BENENNUNG VON VERTRAGSSTAATEN 
DESIGNATION OF CONTRACTING STATES 
DESIGNATION D'ETATS CONTRACTANTS 

Osterretch / Austria / Autnche 

Belgten / Belgium / Belgtque 

Schweiz und Liechtenstein / Switzerland and 
Liechtenstein / Suisse et Liechtenstein 

Deutschland } Germany / Ailemagne 
Danemark / Denmark / Danemark; 
Spanien / Spain / Espagne 
Finnland / Finland / Finlande 
Frankreich / France / France 

Vereinigtes Konigreich / United Kingdom / Royaume-Um 
Gnechenland / Greece / Grece 
Irland / Ireland / Irlande 
Italien/ Italy /ttalie 

Luxemburg / Luxembourg / Luxembourg 
Monaco / Monaco / Monaco 
Niederlande / Netherlands / Pays-Bas 
Portugal / Portugal / Portugal 
Schweden / Sweden / Suede 



DEST 



AT 



BE 



CH/LI 



DE 



DK 



ES 



FR 



GB 



GR 



LU 



MC 



NL 



PT 



SE 



(Plato fur Vertragsstaaten. fur die das EPU nach (Space tor Contracting 

Druddeflung dteses Formblatrs in Kraft mm enters imo force after this form 



States for which the EPC 



30a 
30b 
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33 



Nam£unS Anschrift des Hinterlegers / Name and address of depositor / 
Nam et aflresse du deposant 



Name(n) des (der) Anmelder(s) und benannte Vertragsstaaten / 
Name(s) of applicant(s) and designated Contracting States / 
Nom(s) du (des) demandeurts) et des Etats contractants destgnes 



(Prsvu pour des Etats comractants a Vigord desqoeb la CBE 
entrera an vigueur apres I 'impression du prftseni formula ire) 



PA1195/EP2 



Raum fur ZejchBn das AnmeldBrs / Space for applicant's 
reference / Espace rfacrva a la reference du demandeur 



VORSORGLICHE BEMENNUNG 
SAMTLICHER VERTRAGSSTAATEN 

Die in Feld 33 angegebenen Staaten 
smd |ene, fur die die Zahlung der Be- 
nennungsgebuhren vorgenommen 
wurde Oder derzert beabstchtigt *st 
Vorsorghch werden jedoch samthche 
Staaten benannt, die zum Zeitpunlct 
der Emreichung dieser Anmeidung 
Vertragsstaaten des EPU smd 
(Derzeit AT, BE. CH. DE. DK. ES. Fl, 
FR, GB, GR, IE, IT, LI, LU, MC. NL, 
PT, SE) Es wird ersucht, die Banen- 
nung der hier zusatzlich benanmen 
Vertragsstaaten als vom Anmelder 
zuruckgenommen zu betrachten, 
wenn f ur diese Staaten die Benen- 
nungsgebuhren nrcht bts zum Ablauf 
der in Regel 85a{2) vorgesehenen 
Nachfrist entrichtet werden Es wird 
beantragt, von der Zustellung emer 
Mitteilung nach Regel 85a{1) und 
emer Mitteilung nach Regel 69(1 ) 
betreffend die hier zusatzlich be- 
nannten Vertragsstaaten abzusehen 



PRf CABTIONAFW IXSWNATIpW OFJ 
ALL CdtJTRACJWG SWES • . 

The States indicated in Section 33 are 
those for which it is at present intended 
to pay designation fees rf these have 
not already been paid As a precaution- 
ary measure, however, all those States 
which are Contracting States to the 
EPC at the time of filing this application 
are designated (Present situation AT, 
BE, CH, DE, DK. ES. Fl, FR, GB, GR, IE, 
IT, LI, LU, MC, NL. PT. SE) It is hereby 
requested that the designation of any 
additional States thereby included be 
regarded as withdrawn by the applicant 
if the designation fees have not been 
paid by the time the period of grace 
allowed in Rule B5a(2) expires It is re- 
quested that no communication under 
Rule 35a(1 ) nor any communication 
under Rule 69(1 1 concerning the additio- 
nal Contracting States designated above 
be notified 



ERSTRECKUNG DES 
EUROPAISCHEN PATENTS 

Diese Anmeidung gilt als Antrag, 
die europaische Patentanmeldung 
und das darauf erteilte europaische 
Patent auf alle Nicht-Vertragsstaaten 
des EPU zu erstrecken, mit denen am 
Tag ihrer Emreichung „Erstreckungs- 
80x001^16^ bestehen 
(Derzeit Albanien. Litauen, Lettland. 
Slowenien} 

Die Erstreckung wird |edoch nur 
wirksam, wenn die vorgeschnebene 
Erstreckungsgebuhr entrichtet wird 



EXTENSION OF THE 
EUROPEAN PATENT 

This application is deemed to be 
a request to extend the European 
patent application and the European 
patent granted in respect of rt to all 
non-Contracting States to the EPC 
with which "extension agreements" 
exist on the date on which the 
application is filed (Present situation 
Albania. Lithuania, Latvia, Slovenia) 
However, the extension only takes 
effect if the prescribed extension fee 
is paid 



EXPT 



Der Anmelder beabslchtigt derzeit die Erstreckungsgebuhr fur die nach- 
folgend angekreuzten Staaten zu entricrtten: / The applicant currently 
intends to pay the extension fee for the States marked below with 
a cross: / Le demandeur se propose actuellement d'acquitter ia taxe 
cTextension pour les Etats dont le nom est coche ci-apres : 



Albanien / Albania / Albanie 
Litauen / Lithuania / Lituanie 
Lettland / Latvia / Lettonie 
Slowenien / Slovenia / Sloven le 



AL 



LT 



LV 



35a 



34 



! DESIGNATION A TOUTES FINS UTILES 
DE TOUS LES ETATS CONTRACTANTS 

Les Etats indiques a la rubnque 33 sont 
ceux pour lesquels le paiement des 
taxes de designation a ete effectue ou 
pour lesquels Ton se propose actuelle- 
ment de payer les taxes de designation 
Toutefois, a toutes fins utiles, sont 
designes tous les Etats qui sont des 
Etats contractants de la CBE a la date 
du depot de ia demande (Situation actuelle 
AT, BE, CH, DE, DK, ES. Fl, FR, GB, GR, IE, 
IT, LI, LU. MC. NL. PT, SE) II est demande, 
au cas ou les taxes de designation pour 
les Etats contractants designes a titre 
complementaire ne seraient pas acquitees 
dans le delai supplemental re prevu a ia 
regie 85bis(2), que la designation desdrts 
Etats soit consideree comme retiree par 
le demandeur Pnere de ne pas proceder 
pour lesdrts Etats contractants designes 
s titre complementaire a la signification 
d'une notification etablie conformement 
a la regie B5bis(1) ou a la regie 69(1) 



EXTENSION DES EFFETS 
DU BREVET EUROPEEN 

La presente demande est reputee con- 
stituer une requete en extension des 
effets de la demande de brevet euro- 
peen et du brevet europeen deWre sur 
ia base de cette demande a tous les 
Etats non parties a la CBE avec lesquels 
il existe un «accord d'extension» a la 
date du dep6t de la demande (Situation 
actuelle Albanie. Utuanie, Lettonie, 
Sloven ie} Toutefois ['extension ne 
produit ses effets que s'll est acquitte 
la taxe d' extension presente 



(Space for Stales with when "extension eBreflrnents" enter into force after trus form has been printed) / 
(Pr*vu pour dss Etata i regard dasquels des -seconds cTextensiorw entraront en v.gueur aptba I' impression 
du present fonnutajre) 



Die Anmeidung 1st eine Tellanmeldung / 
The application is a divisional r 
application / ) 
La presente demande i I 
constitue une demande 
division naire 




Es handeit sich urn eine Anmeidung nach Art61(1)b) / 
The application is an Art. 61(1 )(b| 
application / La presente demande I DFIL 9 

constitue une demande J 

selon i'artide61(1)b) 



EANR 



M i ll 



l l l l I I I 



Pate ntansp ruche / Claims / Revendications 



CLMS 



Zur Verdffairtlichung mrt der Zusam men Fassung wird vorgeschlagen 
Abbildung Nr. / With the abstract it is proposed to publish 
figure No. / il est propose de pubiier avec labrege I AVA , 

la figure n° g DRAW (2) 



35 



37 



39 



91309595.6 



Nummer der fruheren Anmeidung 
No of earlier application 
Numero de la demande initiale 



Nummer der fruheren Anmeidung 
No of earlier application 
Numero de ia demande initiate 



Zahl der Patentanspruche 

Number of claims 

N ombre de revendications 



Nummer/ Number/ Numero 
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Raum fur Zetehen des Anmetoera / Specs for applicant's 
reference / Espace reserve t ta reference du demandeur 



• * t • ••• • 

Zusatzliche AbschrHt(en) derim europafecheji RecheH&henRA-fcht J J J 
angefuhrten Schriftstucke wird I werden) beantragW^drtienal copyfes) • • ' 
of the documents cited In the European search report is (are) requested / 

Priere de fournir une (des) copie(s) supplementairelsr des 

documents cites dans la rapport de recherche europeenne I 

I ASOC 



Es wird die Ruckerstattung der flecherchengebuhr gemaB Art. 10 GebO 
beantragt / Refund of the search fee is requested pursuant to Article 10 of 
the Rules relating to Fees / Le remboursement de ta taxe de recherche 
est demande en vertu de Particle 10 du reglement reiatif aux taxes 

Eine Kopie des Recherchenberichts ist beigefugt / A copy of the search 
report is attached / Une copie du rapport de recherche est jointe 



AUTOMAT1SCHER ABBUCHUIMGSAUFTRAG (nurmoghch fur inhaber von 
betm EPA gefuhnen iaufenden Konten) 

AUTOMATIC DEBIT ORDER (for EPO deposit account holders only) 
ORDRE DE PRELEVEMENT ALTT0MAT1QUE (uniquement possible pour ies 
titulaires de comptes couranrs ouverts aupres de I'OEB) 

Das Europeische Patents mt wird hiermit besuftragt, fallig ward end e 
Gebuhren und Auslagen nach MaEgabe der Vorschriften iiber das 
automatische Abbuchungsverfahren vom nebenstehenden Iaufenden 
Konto abzubuchen / The European Patent Office is hereby authorised, 
under the Arrangements for the automatic debiting procedure, to debit 
from the deposit account opposite any fees and costs falling due / 
Par la presente, il est demande a I'Office euro peer des brevets de prelaver 
du compte courarrt ci-contre Ies taxes et frais venant a echeance, 
confcrmement a la regiementation relative au prelevement automatlque 



DECA 



Eventuelle RUCKZAHLUNGEN auf das nebenstehende beim EPA 
gefuhrte laufende Konto / REIMBURSEMENT, rf any, to EPO deposit 
account opposite / REMBOURSEMEFVTS event jets a effectuer 
sur le compte courarrt ci-contre ouwert aupres de I'OEB 



DEPA 



Die vorgeschriebene Liste uber die 
diesem Antrog beigef ugten Unter- 
lagen ergtbt sich aus der vorberei- 
teten Empfangsbescheinigung 
(Serte 6 dieses Arrtragesl 
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ANTIBODY FOR USE IN THERAPY 

The present invention relates to antibodies having CHO glycosylation 
for use in human medical therapy , and formulations containing such 
antibodies . 

Antibodies. or immunoglobulins are proteinaceous bi functional 
molecules. One region which is highly variable between different 
antibodies is responsible for binding to an antigen (Fab region) , for 
example the many different infectious agents that the body may 
encounter, whilst the second, constant region (or Fc region) is 
responsible for binding to the Fc receptors of cells and also 
activates complement* In this way, antibodies represent a vital" 
component of the immune response of mammals in destroying foreign 
microorganisms and viruses. 

An antibody molecule is composed of two light chains and two heavy 
chains that are held together by interchain disulphide bonds. Each 
light chain is linked to a heavy chain by disulphide bonds and the two 
heavy chains are linked to each other by disulphide bonds. Each heavy 
chain has at one end a variable domain followed by a number cf 
constant domains, and each light chain has a variable domain at one 
end and a constant domain at the other end. The light chain variable 
domain is aligned with the variable domain of the heavy chain. The 
light chain constant domain is aligned with the first constant domain 
of the heavy chain. The remaining constant domains of the heavy 
chains are aligned with each other. The constant domains in the light 
and heavy chains are not involved directly in binding the antibody to 
the antigen. 

The variable domains of each pair of light and heavy chains fcrm the 
antigen binding site. They have the same general structure with each 
domain comprising a framework of four regions, whose sequences are 
relatively conserved, connected by three complementarity determining 
regions (CDRs) - The four framework regions largely adopt a beta-sheet 
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conformation and the CDRs form loops connecting, and in some cases 
comprising part of, the beta-sheet structure. The CDRs are held in 
close proximity by the framework regions and, with the CDRs from the 
other domain, contribute to the formation of the antigen binding site. 

The immunisation of an animal with an antigen results in the 
production of different antibodies with different specificities and 
affinities. An antiserum obtained from the immunised animal will, 
therefore, be heterogeneous and contain a pool of antibodies produced 
by many different lymphocyte clones- Antibodies thus obtained are 
referred to as polyclonal antibodies and this polyclonal nature has 
been a major drawback in the use of antibodies in diagnostic assays 
and in therapeutic applications. 

A major step forward occurred in 1975 when Kohler and Milstein 
(Nature, 1975, 256 , 495-497) reported the successful fusion of spleen 
cells from mice immunized with an antigen with cells of a murine 
myeloma line. The resulting hybrid cells, termed hybridomas, have the 
properties of antibody production derived from spleen cells and of 
continous growth derived from the myeloma cells. Each hybridoma 
synthesizes and secretes a single antibody to a particular determinant 
of the original antigen- To ensure that all cells in a culture are 
identical, i.e. that they contain the genetic information required for 
the synthesis of a unique antibody species, the hybridomas resulting 
from cell fusion are cloned and subcloned. In this way, the cloned 
hybridomas produce homogeneous or monoclonal antibodies. 

The advantages of hybridoma technology are profound. Because many 
hybrids arising from each spleen are screened for their potential to 
produce antibodies to the antigen of interest and only a few are 
selected, it is possible to immunize with impure antigens and yet 
obtain specific antibodies. The immortality of the cell line assures 
that an unlimited supply of a homogeneous, well-characterised antibody 
is available for use in a variety of applications including in 
particular diagnosis and immunotherapy of pathological disorders. 
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Unfortunately, the usefulness of such monoclonal antibodies in a 
clinical setting can be severely hampered by the development of human 
ant i -mouse antibodies - an ant i- globulin response - which may 
interfere with therapy or cause allergic or immune complex 
hypersensitivity . 

When, for example, murine (or ratine) monoclonal antibodies axe used 
•in human therapy , the induction of an human anti-mouse antibody 
response is due to the murine origin of the constant domains and four 
framework regions. This problem has therefore been addressed by the 
development of antibodies of two basic types. The first type, 
referred to as chimeric antibodies, is where the murine constant 
domains only are replaced by equivalent domains of human origin 
{Morrison et al, P.N.A.S ., 1984, 81, 6851-6855; Boulianne et al , 
Nature , 1985, 314 , 268-270; and Neuberger et al, Nature , 1985, 314 , 
268-270) . The second type is where the murine constant domains and 
the murine framework regions are all replaced by equivalent domains 
and regions of human origin- This second type of antibody is referred 
to as a humanised or CDR-grafted antibody (Jones et al , Nature , 1986, 
321 , 522-525; and Riechmann et al, Nature , 1988, 332 , 323-327). A 
human antibody would of course avoid the need for "humanisation" , 
however cell lines which secrete human antibodies are very unstable 
and have generally proven unsuitable for commercial scale production. 

To generate sufficient quantities of antibody for full clinical use it 
is desirable to employ an efficient recombinant expression system. 
Since myeloma cells represent a natural host specialized for antibody 
production and secretion, cell lines derived from these have been used 
for the expression of recombinant antibodies. Often, complex vector 
design, based around immunoglobulin gene regulatory elements, is 
required, and final expression levels have been reported which are 
highly variable (Winter et al , Nature , 1988, 332, 323-327; Weidle 
et al , Gene , 1987, 60, 205-216; Naxatani et al , Bio /Techno logy , 1989, 
7, 805-810; and Gillies et al , Bio/Technology , 1989, 7, 799-804) . 
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An alternative mammalian expression system is that offered by the use 
of dihydrofolate reductase (dhfr) deficient Chinese hamster ovary 
(CHO) cells. The use of these cells has enabled the production of 
large quantities of several therapeutic proteins for research and 
clinical use (Kaufman et al , Mol. Cell. Biol , 1985, 5, 1750-1759; and 
Zettlmeissl et al r Bio/Technology , 19B7, 5, 720-725). There are, 
however, very few instances of the use of these cells for the 
expression of antibodies; 

KO89/0l7a3 and Colcher et al Cancer Research 49:1738 (1989) describe the 
production of a recombinant form of B72.3, an anti-cancer antibody* in CHO 
cells. In both references successful production is described and the 
resultant antibody is shown to localise to tumours in animal models. 
However, until now, it was not known whether antibodies produced in CHO 
cells would retain binding and functionality and if they did whether this 
would equate with therapeutic usefulness in humans. 

Antibodies are glycoproteins containing between 3 and 12% 
carbohydrate. The carbohydrate units are transferred to acceptor 
sites on the antibody chains after the heavy and light chains have 
combined. The major carbohydrate units are attached to amino acid 
residues of the constant • region of the antibody. Carbohydrate is also 
jcnown to attach to the antigen binding sites of some antibodies and 
may affect, the antibody-binding characteristics by limiting access of 
the antigen to the antibody binding site. There are a number of roles 
associated with the carbohydrate units . They may affect overall 
solubility and the rate of catabolism of the antibody. It is also 
known that carbohydrate is necessary for cellular secretion of some 
antibody chains. It has been demonstrated that glycosylation of the 
constant region plays a vital role in the effector functioning of an 
antibody; without this glycosylation in its correct configuration/ the 
antibody may be able to bind to the antigen but may not be able to 
bind for example to macrophages, helper and suppressor cells or 
complement, to carry out its role of blocking or lysing the cell to 
which it is bound. 
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It has now been found that antibody glycosylated by CHO cells 
maintains antigen binding capability and effector functionality. This 
has been demonstrated in in vitro complement lysis assays and in vivo 
in a human patient. 

The invention therefore provides an antibody having CHO glycosylation. 
Such antibodies may be natural f such as human antibodies, altered 
antibodies for exanple hybrid antibodies or bispecific antibodies, * 
chimaeric or CDR-grafted antibodies. 

The CHO glycosylation may be associated with the antigen binding site 
or other parts of the variable domain. It may alternatively or 
additionally be associated with the constant region. The glycosylated 
antibody is prepared by expression of the antibody genes in a suitably 
engineered CHO cell followed by recovery and if necessary, 
purification of the antibody from the cell culture medium. 

CHO glycosylated antibodies are useful in medical therapy for treating 
numerous human disorders, generally as immunosuppressives more 
particularly for example T-oell mediated disorders including severe 
vasculitis, rheumatoid arthritis, systemic lupis, also autoimmune 
disorders such as mul tiple sclerosis, graft vs host disease, 
psoriarsis, juvenile onset diabetes, Sjogrens' disease, thyroid 
disease, myasthenia gravis, transplant rejection and asthma. These 
antibodies are also useful in treating cancer such as Non-Hodgkins 
lymphoma, multiple myeloma, and infectious diseases such as HIV and 
herpes. 

The invention therefore provides the use of CHO glycosylated 
antibodies in the manufacture of a medicament for the treatment of any 
of the aforementioned disorders. Also provided is a method of 
treating a human being having any such a disorder comprising 
administering to said individual a therapeutically effective amount of 
a CHO glycosylated antibody. 
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The dosages of such anti-bodies will vary with the condition being 
treated and the recipient of the treatment, but will be in the range 1 
to about 100 mg for an adult patient preferably 1 - 10 xng usually 
administered daily for a period between 1 and 30 days. A two part 
dosing regime may be preferable wherein 1 - 5 mg are administered for 
5-10 days followed by 6 - 15 mg for a further 5-10 days. 

Also included within the invention are formulations containing CHO 
glycosylated antibody. Such formulations preferably include, in 
addition to antibody, a physiologically acceptable diluent or carrier 
possibly in admixture with other agents such as other antibodies or an 
antibiotic. Suitable carriers include but are not limited to 
physiological saline, phosphate buffered saline, phosphate buffered 
saline glucose and buffered saline. Alternatively, the antibody may 
be lyophilised {freeze dried) and reconstituted for use when needed by 
the addition of an aqueous buffered solution as described above. 
Routes of administration are routinely parenteral including 
intravenous, intramuscular, subcutaneous and intraperitoneal injection 
or delivery. 

A process has been developed that enables the balanced expression of 
the light and heavy chains of an antibody from CHO cells. Balanced 
expression is desirable given that the light and heavy chains are 
linked together in the antibody molecule in equimolar proportions. 
This process allows the antibody to be obtained in functional form and 
to be secreted in good yields. Thus the process enables sufficient 
quantities of functional antibody to be obtained for use in the 
immunotherapy of pathological disorders - 

A CEO cell line as described herein is capable of producing all kinds 
of antibodies that generally comprise equimolar proportions of light 
and heavy chains. The invention therefore includes human antibodies 
wherein the amino acid sequences of the heavy and light chains are 
homologous with those sequences of antibodies produced by human 
lymphocytes in vivo or in vitro by hybridomas. Also included in the 
invention are altered antibodies such as hybrid antibodies in which 
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the heavy and light chains are homologous to a natural antibody but 
are combined in a way that would not occur naturally. For example, a 
bispecific antibody has antigen binding sites specific to more than 
one antigen. The constant region of the antibody may relate to one or 
other of the antigen binding regions or may be from a* further 
antibody. Altered antibodies, such as chimaeric antibodies have 
variable regions from one .antibody and constant regions from another. 
Thus, chimaeric antibodies may be species /species chimaeras or 
class/ class chimaeras • Such chimaeric antibodies may have one or more 
further modifications to improve antigen binding ability or to alter 
effector functioning. Another form of altered antibody is a humanised 
or CDR-grafted antibody including a composite antibody, wherein parts 
of the hypervariable regions in additon to the CDRs are transferred to 
the human framework. Additional amino acids in the framework or 
constant regions of such antibodies may be altered. Included in the 
definition of altered antibody are Fab fragments which are roughly 
equivalent to the Y branch portions of the heavy and light chains; 
these may be included incomplete fragments or fragments including part 
of the Fc region. Thus, within the scope of the invention is 
included, any altered antibody in which the amino acid sequence is not 
one which exists in nature. 

A CHO cell line as described herein may be employed for the production 
of altered antibodies most preferably chimaeric antibodies or CDR- 
grafted antibodies. Particular examples of these include antibodies 
against T cell markers such as CD2, CD3, CD4, CDS, CD7, CD8, CDlla, 
CDllb, CD18, CD19, CD25, CD45 and CDw52 and especially CDR grafted 
antibodies against the CDw52 antigen, such as Campath-IH (Campath is a 
Trademark of the Wellcome Foundation Ltd) described in EP 328404 
Further examples include CDR-grafted antibodies against various cancer 
cell marker antigens such as CD33 and CD38. 

After co-transfection into recipient CHO cells, the resulting colonies 
may be selected using both markers. Colonies exhibiting the dual 
phenotype are generally capable of co-expressing both the light and 
heavy chains. The selectable markers may or may not be of a dominant 
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nature. Examples of selectable markers for use co-transf ection 
include adenosine deaminase (Kaufman et al, F.N.A.S . , 1989, 83, 3136- 
40) asparagine synthetase (Cartier et al, Mol.Cell Biol ., 1987, 7, 
1623-28), E.coli trpB gene and Salmonella hisD gene (Hartman et al, 
P.N.A.S . , 1988, 85, 8407-51) , M2 mouse ribonucleotide reductase 

(Thelander et al, EMBO J , 1989, £, 2475-79) , human multidrug 
resistance gene (Kane et al, Gene , 1989, 84, 439-446), glutamine 
synthetase (Bebbington et al, DNA Cloning , • Vol III, 1987, Ed. D.M. 
Glover, 163-188, IRL Press), xanthine guanine phosphoribosyl 
transferase (gpt) (Mulligan et al. Science , 1980, 209 , 1422-27), 
hygromycin B (Santerre et al, Gene , 1984, 30, 147-156), neomycin gene 

(Southern et al, J. Mol. Appl. Genet, , 1982, 1, 327-341), and 
dihydrofolate reductase (Subramani et al, Mol.Cell Biol ., 1981, 1, 
854-864). One particularly preferred selectable marker is dhfr which 
is usually employed with a parental CH0 cell line of the dhfr" 
phenotype (Urlaub et al , P-N.A.S. , 1980, 77, 4216-4220). Successfully 
co-transfected CHO cells will possess the dhfr + phenotype and can 
readily be selected by culturing the colonies on media devoid of 
thymidine and hypoxanthine and optionally containing methotrexate 

(KTX) . A preferred selectable marker for use with the other of the 
vectors is a dominant resistance marker, _such .as neomycin (neo) . CHO 
cells successfully transfected with this marker can readily be 
selected by culturing the colonies on media containing the antibiotic, 
G418, otherwise Known as Geneticin. 

A second system of selection and amplification is provided by the 
glutamine synthetase selectable marker or (GS system) which is 
described in W087/04462. CHO cells which have been successfully 
transfected with the gene encoding the GS enzyme and the desired 
antibody gene can be selected by culturing colonies in media devoid of 
glutamine as described in PCT published application number WO87/044 62. 

At least one of the selectable markers preferably also provides the 
basis upon which the genes encoding the light and heavy chains may be 
amplified. In co-transf ection of a CHO cell line, the vector DNAs are 
often integrated into the chromosome of the cell at the same locus. 
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Thus, the use of only one of the selectable markers as the basis for 
amplification normally results in a parallel increase in the copy 
number of both genes. One particular selectable marker for use in 
this way is dhfr which enables the desired amplification to be 
obtained through the use of increasing concentrations of MTX. A 
second preferred selectable marker is GS which allows amplification by 
the addition of methionine sulphoximine (MSX) . 

The selectable markers are of course under the control of regulatory 
elements of DNA so as to provide for their expression. In the case of 
the use of dhfr as a selectable marker, the regulatory elements are 
preferably of a viral source, such as from DNA tumour viruses. 
Particularly preferred are the use of an SV40 or adenovirus major late 
promoter. It is particularly advantageous in this regard to remove 
the enhancer element from the promoter thus effectively "crippling" 
it. This modification allows for increased levels of gene 

amplification at each concentration of methotrexate selection than 
would otherwise occur if a strong promoter was used. In the case of 
the use of neo as a selectable marker, an example of a suitable 
promoter is the mouse metallothionein promoter. 

The light and heavy chain genes may constitute genomic DNA or, 
preferably, cBNA, and are cloned using procedures known in the art 
(Molecular Cloning: A Laboratory Manual, Second Edition, Maniatis 
etal, Cold Spring Harbor) . The genes axe also under the control of 
regulatory elements of DMA so as to provide for their expression- The 
use of the same regulatory elements for bcth chains is preferred so 
that their expression is substantially balanced. The regulatory 
elements may be of viral origin and examples include those mentioned 
above in conjunction with the expression of dhfr as a selectable 
marker. Another example is the use of the p-actin promoter and 
cognate 0-actin polyadenylation signal. 
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One or both of the vectors may also contain an SV40 origin of 
replication to allow for the vector constructs to be checked by rapid 
transient assay. 

Construction of the expression vectors may be carried out in 
accordance with procedures known in the art (Molecular Cloning: A 
Laboratory Manual, Second Edition, Maniatis et al . Cold Spring 
Harbor) . 

Co--transfection of the CHO cell line with the expression vectors may 
be carried out* s imp ly by using equi molar quantities of both vectors 
and standard transfection procedures, such as calcium phosphate 
precipitation or lipofectin. Selection of the desired co-transf ected 
cell line may be carried out in accordance with standard procedures 
known for the particular selectable markers. 

Culture of the CHO cell line may be carried out in serum-containing or 
preferably serum and protein free media. In one preferred instance 
where the CHO cell line is a dhfr + trans formant, the medium preferably 
lacks hypoxanthine and/or thymidine and optionally contains MTX. 
Where a selectable marker is glutamine synthetase the medium 
preferably lacks glut amine and optionally contains MSX. Expression of 
both chains in substantially equimolar proportions enables optimum 
yields of functional antibody to be obtained. The two chains assemble 
within the cell and are then secreted into the culture medium as 
functional antibody. The resulting antibody may be purified and 
formulated in accordance with standard procedures. 

The accompanying drawings show: 

Figure 1 

(a) the pLD9 construct containing expression cassettes for the 
•crippled' dhfr selection/amplification marker and the Campath-IH 
light chain cDNA. The small box with the dashed arrow is the weakened 
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SV40 promoter; the larger dotted box with an arrow is the P-actin 
promoter; polyA refers to respectively sourced polyadenylation and 
termination signals; the small box with ori contains the SV40 origin 
of replication; 

(b) the pNH316 construct containing expression cassettes for the 
neomycin selection marker and the Campath-IH heavy chain cDNA. The 
box with an arrow and MT refers to the mouse metallothionein promoter. 
Restriction sites indicated are:- H, Hindlll; Bg, Bglll; B, BamHI; Rl, 
EcoRl . 

Figure 2 

Comparative determinations of the rate of Campath-IH synthesis in 
confluent A39 cells over 4 consecutive days. Following the 
methionine pulse period, equal aliguots of cells (C) and culture 
medium (M) were immuno -precipitated and separated by SDS-PAGE, The 
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position of the Campath-IH heavy and light chains are indicated {E and 
L arrows). There was some loss of material for the day 3 cell sample. 

Figure 3 

A pulse-chase experiment to determine the rate of secretion and 
distribution of radiolabelled Campath-IH in A39 cells. Confluent 
cells were pulsed with [ 35 S] methionine for 6 hours, then fresh medium 
containing an excess of unlabelled methionine was added. Equal 
aliquot s of cells and culture medium were taken at the indicated time 
points (in hours following the end of the pulse period) and treated as 
described in the legend of Figure 2. The samples for the 48 and 72 
hour medium time points were run on a different gel to the 6 and 24 
hour points, and the tracks are only lined up relative to the position 
of the heavy (H) chain. 

Figure 4 

Shows growth of C1H 3D11* 44 in WCM5 (protein-free medium) in a 1 
litre ferment er measured as cell count /ml over 90 days. 

Figure 5 

Shows antibody production from C1H 3D* 44 cells in WCM5 in a 1 litre 
fermenter measured as micrograms of antibody/ml over 60- days. 

The following Examples axe provided purely for illustration of the 
present invention. 

EXAMPLE 1: Cloning of the Heavy and Light Chain cDNAs for Campath-IH 

The complementarity determining regions from the rat Campath-IG 
monoclonal were originally grafted directly into genomic human heavy 
and light chain frameworks (Winter et al , Nature , 1988, 322, 323-327). 
These constructs were engineered for expression in the myeloma cell 
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line YO and resulted in yields of Campath-IH of up to 5ug/ml following 
10-14 days in culture (Hale et al , Tissue Antigens , 1990, 35, 118-127 
and Winter et al , Nature, 1988, 322 , 323-327) . The myeloma cell line 
TF57 (Hale et air ibid , ) was used to generate size selected cDNA 
fractions of 0.9-1.2kb and 1.4-1. 7Kb for the light and heavy chain 
cDNAs respectively. • These were used to make EcoRl 1 inker ed cDNA 
libraries in XgtlO. All procedures were as described by Huynh et al 
(DNA Cloning , Vol I: A Practical Approach, 19B4 f Glover ,D (Editor) , IKL 
Press, Oxford) - The libraries were screened using [ 32 P] nick 
translated probes specific for the variable regions to isolate full 
length cDNA clones. For the light chain cDNA, the 5' untranslated 
leader was removed up to position -32 using Bal-31 exonuclease and a 
Hindi 1 1 linker added- For the 3 1 end, use was made of a unique Sad 
site 47bp upstream of the stop codon. A SacI-HindllT oligonucleotide 
pair was- used to regenerate this sequence and position the Hindlll 
site immediately after the stop codon. For the 5' end of the heavy 
chain cDNA, the unique Ncol site overlapping the ATG start codon was 
used to re-build a 29bp untranslated leader, identical to that of the 
light chain, using a Hindlll-Ncol oligonucleotide pair. At the 3' 
end, the unique Nael site 12bp downstream of the stop codon was 
converted into a Hindlll site using linkers. 

EXAMPLE 2: Construction of Vectors: 

The human p-actin promoter was excised from pHpAPr-3-neo (which 
corresponds to pHPAPr-l-neo (Gunning et al, P.N.A.S ., 1987, 84, 483- 
35) except that the SV40 polyadenylation/ termination signal has been 
replaced with the respective human p-actin signals) as a 2860 bp 
PvuII-Hindlll fragment, in which the PvuII site was subsequently 
converted to a Bglll site using linkers. To isolate the human 0-actin 
polyadenylation and termination signals from pHpAPr-3-neo, an SphI 
site 1.4kb downstream of the unique Hindlll site was converted to a 
BamHI site using linkers. The basal dhfr vector called pl04, was 
constructed as follows. The SphI site at position -128 in the SV40 
promoter in pSV2dhfr (Subramani et al , Mol. Cell .Biol. , 1981, 1, 
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854-8 64) was converted into a Sail site to remove all enhancer 
elements from the promoter. The weakened dhfr expression unit was 
then subcloned as a Sall-BamHI fragment into the homologous sites in 
pSVOd (Mellon et al . Cell , 1981 f 27, 279-288). 

To construct pLD9, the pi 04 vector was digested with BamHI, 
phosphatased, and ligated with three other fragments consisting of the 
Bglll-Hindlll p-actin promoter, the Hindlll Campath-IH light chain 
cDNA and the Hindlll-BamHI (3-actin polyA/ termination signals. To 
construct pNH316, the construct pdBPV-MMTneo (Law et al , 
Mol- Cell. Biol ., 1983, 3, 2110-2115} was digested with BamHI, 
phosphatased, and the fragment containing the neomycin gene isolated 
following separation on an agarose gel. This was ligated to the two 
P-actin fragments and the Campath-IH heavy chain cDNA. The 
constructs, pLD9 and pNH316 are depicted in Figure 1- 

EXAMPLE 3; Expression of Campath-IH in CHO Cells: 

The dhfr~ CHO cell line DUK-Bll (Urlaub et al , P.N.A.S., 1980, 77, 
4216-4220) was grown in Iscove"s.MEM supplemented with 10% fetal 
bovine serum, and 4fig/ml each of hypoxanthine and thymidine. lOjig of 
pLD9 and pNH316 was co -precipitated onto cells using the calcium 
phosphate method, (Gorman et al , DNA Cloning , 1985, Vol II, 143-190, 
Academic Press, N.Y.) and selected for the double phenotype of 
dhfrVneo resistance by using the medium above except that 10% 
dialysed serum was used, the hypoxanthine/ thymidine were omitted, and 
G418 (Gibco) was included at 500ug/ml. In some experiments KTX was 
included directly in the first round selection for dhfr + 
trans formants. Several hundred resistant colonies were pooled and 
assayed for the production of Campath-IH antibody in the culture 
medium. The average yield was 0-5ug/ml for non-amplified first round 
transf ormants . 

Each pooled cell population was then cultured in the presence of 10~ 7 M 
MIX, and after two weeks, resistant colonies were again pooled and 
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titred for Campath-IH production. There was a considerable increase 
in yield of up to 80-fold (Table 1) . These cells were dilution 
cloned, screened for Campath-IH yield, and two high producer lines 
isolated, called A37 and 3D9 (Table 1). These were both amplified 
further in the presence of 10"^ MTX, then dilution cloned and 
screened as above. The increase in expression at this second, and 
final, amplification stage was not so dramatic as seen previously; 
nevertheless, when re-fed at confluence and left fox a further 4 days, 
the cell lines A39 and 3D11 were capable of producing up to 200ug/ml 
of Campath-IH. 



TABLE 1 



Expression Levels of Campath-IH using Stepwise Amplifi cation 



Accumulated 



Construct 



Selection stage 



Campath-IH (ug/ml) 



pLD9 + pNH316 



dhfr + /neo basal pool 



0.5 



10" 7 M MTX amplified pool 



18-40 



Cell lines A37 and 3D9 



40 



10"%! MTX amplified pool 



60-90 



Cell line A3 9 



100 



Cell line 3D11 



150-200 
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Legend to Table 



Cells were allowed to reach confluence in a T-175 tissue culture 
flask, then re-fed with fresh 50ual of tissue culture medium and 
left for a further 4 days. The Campath-IH antibody that had 
accumulated in the me.dium during this period was measured by 
ELISA. Total cell counts on the day of assay were usually 2.5 X 
10 7 - The yield from the 3D11 cell line reflects a productivity 
of 100ug/10 6 cells/day. 

The co-transfection vectors pLD9 and pNH316 were further employed to 
evaluate an alternative amplification strategy to the one described 
above. The dhfr" CEO cells were co-transf ected as usual, and two days 
later split directly into a series of flasks containing G418 {for 
neomycin selection) and increasing concentrations of KTX ranging from 
3 X lO'^M to 10~ 7 M. Following two weeks of this selection, the number 
of resistant colonies were counted and pooled for each flask. When 
the cell populations had stabilized, they were assayed for Campath-IH 
antibody titres and the results are shown in Table 2- As the MTX 
level was increased, there was a marked decrease in the number of 
surviving dhfr* colonies, but they expressed proportionately more 
Campath-IH. Thus, in a one step direct selection at high 
concentrations of MIX, it is possible to isolate cell populations 
which produce up to 60-fold increase in antibody yield compared to 
cell populations selected for basal dhfr levels - 



TABLE 2 



Expression Levels of Campath-IH using Dixeet Selection 



Accumulated 



Selection (M MTX) 



dhfr + colonies 



Campath-IH 



(ug/ml) 



No MTX 



500 



0.5 
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3 X 1CT 9 40 2 

lO" 8 5 7 

3 X 10~ 8 5 30 
10-7 



Legend to Table 

Colonies at each MTX selection stage were pooled and assayed as 
described in the legend of Table 1. 

This selection procedure was repeated following another 
co-transfection of cells, and in this instance, the entire population 
was selected in medium containing G418 and 3 X 10"% MTX. This 
generated a larger pool of resistant colonies which were subsequently 
pooled and re-amplified twice more using MTX concentrations of 6 X 10~ 
7 M, then 3 X 10"%. At this stage, the cells were dilution cloned and 
screened for Campath-IH levels. The two highest producer cell lines 
isolated were capable of producing antibody levels up to 100-150ug/ml 
and were designated as lines 4F11 and 5E10. 

The growth rates of these cell lines, and the A39/3D11 lines described 
above, were considerably slower than the parental non-transformed 
dhfr~ CHO cells. This is usually a common feature of these cells once 
they have been engineered to express high quantities of a product 
gene. The yields from the 5E10 and 4F11 cell lines proved to be quite 
variable over time, and the latter appeared to have only a limited 
passage life lasting about 3 weeks before entering crisis and death. 
This instability was not evident at all in the other cell lines, 
although in general, the lines isolated from the second amplification 
procedure, including 5E10, were usually more fickle to culture. Of 
all the lines, the 3I>11 coupled good growth and stability with high 
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Campath-IH yields. To ensure the propagation of these features, the 
3D11 cell line was dilution cloned once more to generate the 3D11* 
line and this similarly produced Campath-IH yields up to 200ng/ml. 

EXAMPLE 4 ; *gfowth of and Production from C1H 3D11* 44 in WCM4 

a) C1H 3D11* cells growing as a monolayer in Iscoves + 10% FBS Flow, 
non-essential amino acids , lO" 6 *! Methotrexate and antibiotics were 
approximately 90% confluent. These cells were removed from the 

plastic with trypsin/versene, washed in Iscoves medium without 
supplements, centrifuged and resuspended at 5 x 10 4 /ml in WCM4 medium 
Table 3 + 0.25% peptone + 0.1% polyethylene glycol (PEG) 10,000 + 0.5% 
fetal boine serum (FBS) without methotrexate (MTX) . 

TABLE 3 

Formulation for medium WCM4. 

Iscoves modification of DMEM without BSA, transferrin and 
lecithin. Available from GIBCO Ltd., Unit 4, Cowley Mill Td. 
Est., Uxbridge UB8 27G. Similar to published medium (Iscoves 
and Melcher (1978) J. Exp. Med. 1. 47, 923) without the bovine 
serum alb umin , pure human tranferrin, or soyabean lecithin. 



+ 


5 ml/litre 


200mM L glutamine 




50 mg/litre 


L proline 


+ 


50 mg/litre 


L threonine 


+ 


50 mg/litre 


L methionine 


+ 


50 mg/litre 


L cysteine 


+ 


50 mg/litre 


L tyrosine 


+ 


25 mg. litre 


ascorbic acid 


+ 


0.062 mg. litre 


vitamin B6 


+ 


1.36 mg. litre 


vitamin B12 


+ 


0.2 mg/litre 


lipoic* acid 
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+ 


0.086 mg/litre 


methyl linoleate 


+ 


luM 


methotrexate 


+ 


1 mg/litre 


FeS0 4 




1 mg/litre 


Z11SO4 


+ 


0.0025 mg/litre 


CuS0 4 


+ 


5 mg/litre 


recombinant insulin 


+ 


50,000 Iu/litre 


polymyxin 


+ 


20,000 Iu/litre 


neomycin ^ , 


+ 


0.16 mg/litre 


putrescine-2 HCL. 



Three 25cm 2 flasks were set up with 10ml of cell suspension + 
hypoxanthine (H) , thymidine <T) or HT. These flasks were incubated at 
36.5°C in 5% C0 2 incubator. 

After six days, the flasks were pooled and added to an equal volume of 
WCM4 + MTX without peptone or PEG, and were transferred to a 75cm 2 
flask. 

These cells were used to seed a 500ml Techner spinner, incubated at 
36. 5° C ^spinning' at 40 rpm. Cells continued growing serum free for a 
period of over five months and although it was found that the cells 
needed a period of adaptation, the growth rate and viability steadily 
improved. The population doubling time was calculated to be 73.1 
hours over approximately 7 weeks; this decreased to 47.4 hours over 
the subsequent 20 days then stabilised. Antibody secretion remained 
high at levels in excess of 60 ug/ml. It was dete rmin ed that the gene 
copy number in these cells did not decrease according to band 
intensity using Northern blot analysis. 

In fermenters, these cells produced antibody in excess of 70ug/ml and 
regularly achieve levels of 100ng/ml or more. These cells are denoted 
C1H 3D11* 44. 

b) Cells from a) above which had been growing serum-free for over 2 
months were transferred to a SGi 1 litre fermenter with a stainless 



- 20 - 



PA1195 



steel angled paddle turning at 70rpm. The temperature was set at 
37°C / d0 2 at 10% and pH control to 7-7.2. The fermenter was seeded on 
day 0 with 0.22 x 10 6 cells/ml in WCM4 (Table 3) with 0.1% 
polyethylene glycol (PEG) 10,000 and 0.25% soy peptone, and was top 
gassed with 0 2 . The cells were routinely passaged using fresh medium 
and a split rate typically between 1 to 2 and 1 to 4. 

On day 33 the top gassing was replaced with deep sparging which is can 
be expected to cause more physical damage to the cells. 

On day 50 onwards WCM5 {Table 4) was used together with peptone and 
PEG instead of WCM4. 

TABLE 4 

Formulation for Medium WCM5 

Iscoves ' modification of DMEM without BSA, transferrin or 
lecithin (see Table 3) . 



+ 


5 ml/litre 


200mM L glut amine 


+ 


50 mg/litre 


L proline 


+ 


50 mg/litre 


L threonine 


+ 


50 mg/litre 


L methionine 


+ 


50 mg/litre 


L cysteine 


+ 


50 mg/litre 


L tyrosine 


+ 


25 mg/litre 


L ascorbic acid 


+ 


0.062 mg. litre 


Vitamin B6 


+ 


1.36 mg. litre 


Vitamin B12 


+ 


2 mg/litre 


Ferric citrate 


+ 


1 mg/litre 


Zinc sulphate 


+ 


0.0025 mg.lit 


Copper sulphate 


+ 


50,000 IU/litre 


Polymyxin 




20,000 IU/litre 


Neomycin 


+ 


3 nl/litre 


Ethanolamine 
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+ 0.16 mg/litre Putrescine 

+ 5 mg/litre Recombinant Insulin (Nucellin) 

On day 53 the PEG was replaced with 0.1% pluronic F68 . The resulting 
growth and antibody levels achieved are shown the the attached graphs 
{Figs 4 and 5) , and demonstrate the capacity of the invention to allow 
protein-free production of antibody in excess of lOOug/ml in 
f ermenters . 

EXAMPT-* 5: Analysis of the Rate of Campath-IH Synthesis and Seeare-bion 
from CHO Cells: 

During the course of culturing the Campath-IH producing CHO cells of 
Example 3, it became clear that even when they reached confluence, 
antibody levels continued to accumulate, with time, in the culture 
medium. To determine whether this was possibly a consequence of 
intracellular accumulation coupled to slow secretion, the rates of 
Campath-IH synthesis and secretion were measured using A39 cells. 
These analyses were performed over 3-4 consecutive days on cells which 
were either in growth phase, or confluent stationary phase. For the 
cells in either growth state, the results were identical, and data is 
presented only for the immuno-precipitated radiolabelled Campath-IH 
produced from stationary cells. 

The rate of antibody synthesis was measured by pulsing the cells for a 
short period with [S 35 ] -methionine on each of four consecutive days, 
and then examining the quantity, and distribution, of immuno- 
precipitated material. In Figure 2, it is clear that the rate of 
synthesis is equally high at all time points measured. Furthermore, 
even by the end of this short pulse, in each case, more than half of 
the newly synthesized Campath-IH is already present in the medium 
suggesting rapid secretion. This was confirmed by the data shown in 
Figure 3, in which parallel cells were similarly pulsed, and the 
distribution of the radiolabelled Campath-IH chased over a three day 
period. Within 24 hours, virtually all of the cellular 
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radiolabelled antibody has been chased into the medium, where it 
remained stable for the duration of the experiment. This demonstrates 
that even when the recombinant CHO cells remain stationary for long 
periods, the rates of Campath-IH synthesis and secretion are not 
diminished. 

Campath-IH ELISA assay. Micro titer plates were coated with ant i -human 
IgG and incubated with the assay sample (in culture medium) . Antibody 
detection was visualized by using an anti-human gamma chain specific 
peroxidase conjugate. 

Analysis of rates of Campath-IH synthesis and secretion. Cells from 
Example 3 were grown to confluence in 3cm tissue culture wells, then 
incubated for 30 minutes in methionine-free Dulbeccos's MEM. containing 
10% fetal calf serum. Following this, the cells were labelled in the 
presence of 120nCi/inl [ 35 S] methionine (>800Ci/mmDl; Amersham) for the 
appropriate time period, then either harvested and lysed in 500ul of 
NP-40 lysis buffer, or incubated further in normal growth medium. 
Then 125ul aliquots of cell lysate or culture medium were immuno- 
precipitated using goat anti-human IgG (heavy chain specific; Sigma) 
and 10% protein-A Sepharose (Pharmacia) . Samples were then separated 
on 10% SDS-PAGE reducing gels according to Laemmli and the signals 
amplified with Enhance (NEN-Dupont) . The dried gels were then 
autoradiographed overnight . 

Biological assays for functional CHO-glycosy 1 ated Campath 1H 
Complement lysis assay for Campath 1H 

The complement lysis assay is a measure of antibody function expressed 
as specific activity, determined by the ability of a CHO-glycosylated 
antibody of known concentration to bind to a pre-determined number of 
cells and effect cell lysis. 
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The assay is carried out on Campath 1H from Example 4 using Karpas 422 
cells (established from B-cell non-Hodgkin lymphoma cell line - Dyer 
et al. f (1990) Blood, 75 704-714) expressing Campath antigen on the 
cell surface. 1.2 x 10 7 cells were loaded with radiolabel by 
incubating for 2 hours at 37°C in a C0 2 incubator in the presence of 
600uCi of 51Cr (sodium chromate) . 

5.3 ml of the loaded cells in medium {total volume 23.5ml), were added 
to 12.5ml of normal human serum and 150ul of the mixture were pipetted 
into the wells of a microtitre plate. 



50ul samples, of the final eluate from three purification runs were 
mixed with the cells and incubated for 30 minutes at 4°C followed by 
90 minutes at 37°C. The culture was centrifuged at 2000 rpm for 5 
minutes and the radioactivity in lOOul of cell supernatant was counted 
on a gamma counter. Complement lysis activity in Kilo Units/ml was 
calculated from a standard curve of a reference preparation (1000 
Units /ml) . 

The results are set out in Table 5. 



The concentration of Campath 1H in the 50ul samples of final eluate 
was estimated using samples in PBS pH 7.2 read on a spectrophotometer 
at 280nm. The results are expressed in Table 3 as optical density in 
mg/ml - 

From this data the specific activity: KU/ml is determined. 

OD 



TABLE 5 

SPTTrplo Com plement lysis Protein Cone Specific 

Kilo Units/ml mg/ml Activity 

A 11.2 11.1 l-° 

B 14.8 14.2 1.0 

c 13.7 ' 13.6 1.0 
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The results indicate that CHO-glycosylated Campath 1H is functional . 

Trea+™ent Q f individual with CHO-glycosylated Campath 1H 

An individual diagnosed as having severe T-cell mediated inflammation 
of the joints (immobilising polyarthritis, pleuritis P abdominal pains) 
over five years requiring long periods of hospitalisation was treated 
with CHO derived Campath 1H from Example 4 using zhe following regime: 

2mg per day over 6 days by intravenous injection 

10 mg per day over subsequent 6 days by intravenous injection. 

During the second 6 day treatment there was a significant symptomatic 
improvement. By the end of the second period ihe joint inflammation 
was much improved and a skin abscess had cleared with antibiotic 
treatment. Thirty days after the end of the treatment the individual 
was dis charged - 

Approximately 9 months after the initial treatment/ the individual 
suffered a relapse with multiple joint involvement. After initial 
testing for sensitivity with a low dose, the individual was given a 
further course of treatment with lOmg/day Campath 1H for 10 days with 
significant improvement. 

EXAMPLE 6 

EXPRESSION OF HUMANISED ANTI-CD4 ANTIBODY FROM CBO CELLS 

Construction of the expression vector pBanl; modification of p342-12 

The complement aril y determining regions from a rat IgG2b raised 
against human CD4 (The New England Journal of Medicine 1990 323 : 250- 
254) were grafted onto human heavy and light chain frameworks {Winter 
et al, Nature, 1988, 322 323-327). 
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The cDNA encoding the humanised CD4 light chain was cloned into pLD9 
[Page and Sydenham, M.A. 1991 Biotechnology 9 64-68]. The resulting 
plasmid was designated p2110. The humanised CD4 heavy chain was 
sequenced and cloned into a modified version of plasmid p342-12 [Law 
M-F-, Byrne, J.C. and Hinley, P.M. 1983 Mol. Cell. Biol. 3 2110-2115). 
Plasmid p342-12 was digested with BamHl to remove the 7.4fcbp fragment 
containing part of the BPV-1 genome. The backbone containing the 
P-lactamase gene and the neomycin resistance gene under the control of 
the mouse metallothionine promoter was purified and religated at the 
BamHl site. This, plasmid was digested with HinDIII, incubated with 
the large fragment of DNA polymerase I to remove the HinDIII site and 
then religated. The p-actin expression cassette, containing the 
P-actin promoter immediately upstream of a unique HinDIII site 
followed by the polyadenylation signal, was cloned into the BamHl site 
of the modified p342-12 plasmid to generate pBanl . 

Plasmid pBanl, therefore, consisted of the neomycin resistance gene, 
the p-lactamase gene and the p-actin expression cassette containing 
the unique HinDIII site. The cDNA encoding the humanised heavy chain 
was cloned into this site and the resulting plasmid containing the 
correctly orientated insert was designated pBanCD4H. Thus, p2110 and 
P BanCD4H contained a different selectable marker and co-transfection 
into recipient dhfr- CHO cells would permit the direct selection and 
isolation of dhfrVneo r colonies. Cells exhibiting this phenotype 
should express functional antiCD4 antibody and could be amplified to 
elevate the antibody titres. 

Expression of anti-CD4 antibody in CHO cells 
a) Cell culture methods. 

The dhfr- CHO line DUK-B11 [Urlaub,G.and Chasin, L.A. 1980 
Proc.Natl.Acad.Sci.USA77 4216-4220] was propagated in Iscoves MEM 
medium supplemented with 10% foetal 'bovine serum and 4ug each of 
hypoxanthine and thymidine {all Flow) .After transf ection, 
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transfo rman ts were selected in the medium described above except 
that .the hypoxan thine/ thymidine were omitted and dialysed foetal 
bovine serum was used. In addition, G418 was included at 
500u.g/ml. To induce spontaneous amplification of sequences 
containing and flanking the dhfr gene, MTX was added to a 
concentration of O-lpM. 

b) Transfection and amplification 

The dhfr- CHO cell line DUK-B11 was co-transf ected with 5ug of 
p2110 and 5ug of pBanCD4H using the transfectam reagent under 
the conditions recommended by the manufacturer- Transformants 
were selected for the dhfr + /neo r phenotype as described above. 
Several hundreds of transformants were observed and pooled. 
Initital titres indicated that the first round basal 
transformants were secreting about 0 . lug/ml/day. This pooled 
population was then cultured in the presence of O.luM KTX for 
about 14 days. Resistant colonies were again pooled and 
assayed. Expression had. increased some 100 fold, the pooled, 
amplified colonies producing about 10-1 2ug/ml /day. In order to 
obtain stable, clonal cell lines giving high antibody titres, 
the resistant pools were cloned by limiting dilution in 96-well 
plates. Fifty single colonies were identified and assayed and 
the four lines giving the highest titres propagated. This 
process of identifying highly expressing clones within the 
resistant population produced a line designated D419 which 
expressed the anti-CD4 antibody at about 20ug/ml/day. 
Characterisation of dhfr*/neo r cell lines 

i) Determination of copy number and steady state transcription 
levels by slot blot analysis of DNA and RNA. 

Whole cell RNA and DNA was prepared from the various stages of 
amplification as described by Maniatis et al. [1982 Molecular 
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Cloning. A Laboratory Manual. Cold Spring Harbour Laboratory, 
Cold Spring Harbour, New York] . After fixing onto 

nitrocellulose filters, the nucleic acids were probed with [ - 
P]-aATP labelled DNA sequences of the heavy chain, the dhfr gene 
and the £-actin gene as a control "housekeeping" gene to 
eliminate artifacts due to loading errors. 

Inititally, the uncloned 0.1uM KTX amplified pool was compared 
to the first round unamplified transformants and the 
untrans formed parental Bll cells, with the probes described. 
Accordingly, no DMA signal was detected in the parental line 
when probed with the heavy chain but a weak signal was detected 
for dhfr. This is due to the single, non-functional dhfr allele 
in the Bll cell line. As a result, no RNA signal was detected 
with either probe. In contrast, a strong signal was detected 
with, both probes on RNA and DNA in the primary transformants 
which < reflects the start of expression. A very significant 
increase in copy number and steady state levels of RNA of heavy 
chain and dhfr is observed in the uncloned amplified pool. This 
accurately correlates with the observed increase in expression. 
Steady state levels of p-actin RNA were consistent in all three 
lines examined . 

A similar comparison was made between the four highest 
expressing cloned cell lines. A strong signal was detected on 
both the RNA and the DNA blots. However, although the DAI 9 line 
was expressing twice as much antibody as a line designated D423, 
this difference was not in either the copy number or steady 
state levels of RNA. There are two possible explanations for 
this observation; the first is that the DNA in the DA19 line has 
integrated at a site in the genome at which it is under the 
influence of an enhancer. However, this presumably would be 
reflected in elevated levels of RNA. The more likely explanation 
is that in the replication and duplication of the tandem arrays 
in the line D423,some of the copies of the dhf r/antibody 
cassette have undergone re-arrangement and are non- functional and 
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truncated- This is not uncommon since the site of integration 
of heterologous genes is often at breakpoints in the chromosomes 
such as telomeres which are known to be "hot spots" for such re- 
arrangements. This could be resolved by Northern and Southern 
analysis . 

Protein synthesis and secretion of anti-CD4 antibo dy in the D419 
line 

The clonal D419 line was labelled with 35 S-metnionine and 
cysteine and the intracellular and secreted antibody extracted 
by immunoprecipitation with appropriate antibodies. Following 
electrophoresis on reducing SDS-PAGE gels, the gels were dried 
and the signal detected by autoradiography. 

It was clear from the result that both heavy and light chain are 
efficiently synthesised. Intracellular ly, there need not be sto 
chiometry between heavy and light chains since the two associate 
as they pass through the secretory organelles. However, close 
stochiometry is observed in the secreted material. 
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Claims 

1. An antibody for use in medical therapy wherein the antibody has CHO 
glycosylate associated with the antigen binding site or other parts of the 
variable domain and optionally has CHO glycosylate associated with the 
constant region. 

2. An antibody according to claim 1 wherein the antibody is a human or 
an altered antibody. 

3. An antibody according to claim 2 wherein the altered antibody is a 
chimaeric or a CDR-grafted antibody. 

4. An antibody according to any of claims 1-3 wherein said antibody 
binds to a T-cell marker. 

5. An antibody according to claim 4 wherein said T-cell marker is 
selected from CD2, CD3, CD5, CD7, CD8, CD11a, CD11b, CD18, CD19, CD25. 
CD45 and CD52. 

6. An antibody according to claim 5 wherein said antibody binds to the T- 
cell marker CD4. 

7. An antibody according to any of claims 1-3 wherein said antibody 
binds to a tumour cell marker antigen. 

8. An antibody according to claim 7, wherein said cancer cell mark 
antigen is selected from CD33 or CD38. 

9. Use of an antibody as defined in any of claims 1-6 in the manufacture 
of a medicament for immunosuppression. 

10. Use of an antibody as defined in any of claims 1-6 for the manufacture 
of a medicament for the treatment of T-cell mediated disorders. 
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11. Use of an antibody as defined in any of claims 1 -6 for the manufacture 
of a medicament for the treatment of autoimmune disorders. 

12. Use of an antibody according to claim 11 for the treatment of severe 
vasculitis, rheumatoid arthritis, systemic lupus, multiple sclerosis, graft versus 
host disease, psoriasis, juvenile onset diabetes, Sjogren's disease, thyroid 
disease, myasthenia gravis, transplant rejection or asthma. 

13. Use of an antibody according to any of claims 9-12 wherein the 
antibody binds to the T-cell marker CD4. 

14. Use of an antibody as defined in any of claims 1-3, 7 or 8 in the 
manufacture of a medicament for the treatment of cancer. 

15. A pharmaceutical formulation comprising an antibody as defined in 
any of claims 1-8, in combination with a physiologically acceptable diluent or 
carrier. 



16. A pharmaceutical formulation according to claim 15 wherein the 
antibody is present from 1-100 mg per dose. 



